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Description 

RAfiKfiROUND OF THE INVENTION 

5 Field of the Invention : The present invention relates to low dose multicomponent vaccines. More specifically, the - 
invention relates to low dose multioomponent vaccines comprising a safe and immunogenically effective combination 
of: at least one protective antigen component from clostridial organisms, at least one protective antigen component 
from a non-clostridial organism and an adjuvant. 

Brief Description of the Prior Art : Preparation and formulation of multicomponent vaccines have historically been 

w complicated by physical and technological hurdles. Multicomponent vaccines of interest are those vaccines that contain 
as essential antigen components: one or more protective antigens from one or more organisms and an adjuvant. The 
protective antigen component can be in the form of a whole bacterial culture, a whole virus culture, a cell-free toxoid, a 
purified toxoid, or a subunit. 

When one combines whole cultures of organisms (viruses or bacteria) in a formulation of multicomponent vaccines, 
is the formulation would contain numerous antigens (hundreds to thousands). Some of these are protective antigens as 
mentioned above. Some of these antigens are detrimental to protection of the animals or cause reaction in the animals 
("detrimental antigens"). The detrimental antigens can interfere with the protective antigens by either physically or 
chemically blocking the active sites of the protective antigens. The interference prevents the protective antigens from 
protecting animals. Also, the detrimental antigens can produce negative responses such as local-reactions, systemic 
20 reactions, anaphylaxis and/or immunosuppression in the animals. Therefore, the use of combinations of whole culture 
organisms can cause problems with efficacy or with animal reactivity. Animal reactivity produces localized reactions 
resulting in swellings or abscesses at the injection sites or a systemic response such as anaphylaxis that can result in 
death of the animal. 

Aggravating the animal reactivity is the administration of multicomponent vaccines to large animals (e.g., cattle) in 
25 high doses. The dose range has historically been from about 5 mL to 1 0 mL to allow incorporation of all of the protective 
antigens into one formulation. Illustratively, up to seven clostridial whole cultures or toxoids can be combined into a 5.0 
mL dose of vaccine for administration to cattle. See, for instance, pages 319. 320. 321, 322, and 432 of the Compen- 
dium of Veterinary Products. Third Edition, 1995-1996). Also, 6 Clostridial whole cultures or toxoids have been com- 
bined with Hemophilus somnus in a 5.0 mL dose vaccines. See pages 191, 192, 319, 433, 490, and 1013 of the 
30 Compendium of Veterinary Products, Third Edition, 1 995-1 996). Reportedly, such vaccines demonstrate significant ani- 
mal reactivity. 

Animal reactivity that produces localized reactions (often called injection site lesions or blemishes) have become a 
matter of significant concern for the beef industry. Many scientific and lay articles since 1991 have addressed the con- 
cern with injection site lesions. See Stokka et al, J. Am. Vet. Med. Assoc.. 1994, Feb. 1, 204(3): 415-9, Effertz, Beef 

35 Today, March 1991 and Beef Today, September 1992, Dittmer, CALF News Cattle Feeder. September 1992; Smith, 
FEEDSTUFFS, August 24. 1992. and Hrehocik et al, dvm, September 1992. During the past several years, many sci- 
entific and lay articles have reported that injection site lesions are deleterious to the quality of beef. The injection site 
lesions must be cut out of the meat and discarded. This causes significant monetary loses to retailers, beef packers and 
feedlots. It has been estimated that 12-15% of prime beef cuts have some type of injection site lesion that must be 

40 trimmed away (Effertz, Beef Today, March 1991). This article attributes the main cause of the injection site lesions to 7- 
way clostridial vaccines. Additionally, there have been reports that up to 90% of cattle have injection site lesions in their 
carcass. Injection site lesions have been associated with: (1) the presence of many detrimental antigens or contami- 
nants which are present in whole culture vaccines, (2) the adjuvants incorporated into such vaccines, (3) the method of 
administration of such vaccines (4) the large dose size of some of the multicomponent vaccines (5.0 - 10.0 mL), and (5) 

45 animal the reactivity of the protective antigen components of the vaccines. 

Typically, clostridial vaccines are not highly purified because purification can be cost prohibitive. As one would real- 
ize, animal vaccine production must be necessarily economically effective if the vaccines are to enjoy widespread use. 
Therefore, highly purified animal vaccines are virtually cost prohibitive. 

Somewhat related prior art involves two vaccines containing six clostridial whole cultures or toxoids administered 

so in a 2.0 mL dose volume. See Compendium of Veterinary Products, Third Edition, 1995-1996, pages 133, 1183. 1184 
and 1 1 85 and the advertising brochure entitled "ALPHA-7™^JUST ONCE". However, these vaccines do not include any 
additional component such as: additional clostridial components) or one or more non-clostridial components). 

Antigenic components of clostridial vaccines were typically obtained by concentrating whole cultures of the bacte- 
ria. Concentration was accomplished by precipitating whole cultures with ammonium salts such as ammonium sulfate 

55 or concentrating such whole cultures via ultrafiltration. Both procedures are costly. Additionally, these procedures pro- 
duce massive amounts of cells resulting in a high antigen mass that remains as an antigenic mass of solids in the prod- 
uct. Such a high antigenic mass would induce animal reactivity, particularly injection site lesions. 

An even greater problem exists when one combines clostridial organisms with non-clostridial organisms such as 
Gram-negative bacteria, e.g., H. somnus and M.bovis and the Pasteurella spp- Many of these organisms are. in them- 
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selves, highly reactive and contain high levels of endotoxin that produce anaphylaxis. Also, their antigenic components 
supposedly cause interference. The high dose of the art-known combination of H, SOmQUS and six clostridial compo- 
nents, i.e., a 5.0 mL dose volume can be the source of animal reactivity. In the case of non-clostridial viral formulations, 
the addition of clostridial components to these formulations can adversely affect viral epitopes. Consequently the viral 

5 components of the formulation may become non-efficacious. 

Because of the severity of the Clostridial diseases and other disease complexes described herein, it is increasingly 
important that calves and young cattle entering feedlots as well as pregnant cows are properly vaccinated. The vac- 
cines must contain protective antigens described herein. While one could administer each of the protective antigens in 
a monovalent vaccine, this mode of administration would require several vaccinations for each animal. This is impracti- 

10 cal in a because: 1) handling animals for repeated vaccinations can result in undue stress and consequential diseases; 
2) labor for performing such vaccinations is expensive compared to the profit obtained from each animal; 3) the more 
injection sites on an animal, the more potential for injection site reactions. 

There is, therefore, a clear need for multicomponent vaccines containing many protective antigens that do not con- 
tain detrimental antigens and do not produce animal reactivity. By this invention, there are provided low dose multicom- 

75 ponent vaccines containing: protective antigen components of a clostridial organism(s) and at least one non-clostridial 
protective antigen component and an adjuvant, and the processes for making and using the vaccines. 



SUMMARY OF THE INVENTION 

20 This invention relates to a multicomponent vaccine comprising: a safe and immunogenically effective combination 
of protective antigen components from at least one clostridial organism, a protective antigen component from a non- 
clostridial organism and an adjuvant, wherein the vaccine is in a low dose volume. By low dose" is meant dose vol- 
umes, including the adjuvant which are less than 5.0 mL and which do not adversely affect the protective antigen com- 
ponents or the animal post vaccination. Generally, an antigen is that which produces an antibody response against the 

25 antigen, which response is not necessarily protective. By the term "protective antigen" is meant an antigen that pro- 
duces an immune response and imparts protection to the animal. A vaccine containing such a protective antigen is 
characterized as "immunogenically effective." 

Also, encompassed by the invention is a multicomponent vaccine for ruminants comprising: a safe and immuno- 
genically effective combination of a protective antigen component from at least two and preferably six to seven clostrid- 

30 ial organisms; a protective antigen component from a non-clostridial organism and an adjuvant, wherein the vaccine is 
in a low dose volume. 

In the present embodiment of the invention, the multicomponent vaccine comprises a safe and immunogenically 
effective combination of an antigen component from one or more clostridial organisms; an antigen component from an 
organism selected from the group consisting of a Gram negative organism, a Gram positive organism, a virus, a para- 
35 site and a rickettsia and an adjuvant wherein the vaccine is in a dose size of 3.0 mL or less. 

In a preferred embodiment of the invention, the multicomponent vaccine for ruminants comprises a safe and immu- 
nogenically effective combination of an antigenic component from six clostridial organisms, which are Clostridium chau- 
voei, Clostridium seoticum. Clostridium nowi. Clostridium perfrinaens type C, Clostridium perfrinqens type D and 
Clostridium sordellii. an antigen component from H. somnus or MJ^ffidS and an adjuvant, wherein the vaccine is in a 

40 dose size of 3.0 mL or less. 

In another preferred embodiment of this invention, the multicomponent vaccine for ruminants comprises: a safe and 
immunogenically effective combination of a protective antigen component from seven clostridial organisms which are 
Cl.chauvoei . CL septicum . CI. nowi . CI. perfrinaens type C, £L perfrinqens, type D, Qj gpjsfeUji, and Ql haemplytipum ; 
an antigen component from Haemophilus somnus or Moraxella bovis and an adjuvant, wherein the vaccine is in a dose 

45 size of 3.0 mL or less. 

In another preferred embodiment of this invention, the multicomponent vaccine for ruminants comprises: a safe and 
immunogenically effective combination of an antigen component from at least two clostridial organisms such as CI, per- 
frinaens type C and CL perfrinaens type D; an antigen component from a virus such as an infectious bovine rhinotra- 
cheitis virus (IBRV) and an adjuvant, wherein the vaccine is in a dose size of 3.0 mL or less. 

so A particularly preferred embodiment of this invention includes a multicomponent vaccine for ruminants comprising: 
a safe and immunogenically effective combination of a protective antigen component from more than two clostridial 
organisms selected from the group consisting of CI. chauvoei. Ql t septicum. CLOfflOd. CI, perfrinqens type C, CI perf- 
rinaens type D, CI sordellii. and CI. haemolvticum : protective antigen components from viruses which are selected from 
the group consisting of an infectious bovine rhinotracheitis virus (IBRV). a parainfluenza type 3 virus (PI 3 V). a bovine 

55 virus diarrhea virus (BVDV) and a bovine respiratory syncytial virus (BRSV) and an adjuvant, wherein the vaccine is in 

a dose size of 3.0 mL or less. 

In another particularly preferred embodiment of the invention the multicomponent vaccine comprises: a safe and 
immunogenically effective combination of a protective antigen component from at least six clostridial organisms; a pro- 
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tective antigen component from a plurality of viruses and an adjuvant, wherein the vaccine is in a dose size of 3.0 mL 
or I0SS 

The most preferred embodiment of the invention is a multicomponent vaccine comprising: a safe and immunogen- 
ically effective combination of a protective antigen component from at least seven clostridial organisms; protective anti- 

; gen components from at least four viruses and an adjuvant, wherein the vaccine is in a dose size of 3.0 mL or less. 
" Further encompassed by the invention is a method for producing a multicomponent vaccine comprising a safe and 
immunogenically effective combination of protective antigen components from clostridial organisms and a protective 
antigen component from a non-clostridial organism and an adjuvant wherein the vaccine is in a dose size of 3.0 mL or 
less said method comprising: 1) identifying the protective antigen component of each organism by in_yjyc or ijvyjjrg 

70 methods: 2) quantitating the protective antigen components using antigen quantitation assays to provide the protective 
antigen component in an amount sufficient to produce a protective vaccine with the least antigenic mass; 3) identifying 
components of the organisms containing detrimental antigens by using the antigen quantitation assays and animal 
reactivity testing; 4) purifying the protective antigen components which contain detrimental antigens to remove the det- 
rimental antigens; 5) selecting for each organism requiring inactivation, an effective inactivating agent which kills the 

15 organism without denaturing the protective antigen component; 6) selecting an effective adjuvant which produces 
enhancement of immune response without causing unacceptable animal reactivity for each component; 7) adjuvanting 
the protective antigen components sensitive to the effects of detrimental antigens organisms individually; 8) pooling all 

protective antigen components. 

Also encompassed by the invention is a process for administering the vaccines of the invention to ruminants. 

so By the present invention, it has been demonstrated that there is a significant difference in the size of injection site 
lesions in cattle vaccinated with: (1 ) a conventional 5.0 mL dose multicomponent clostridial product and (2) the low dose 
(2 0 mL) multicomponent vaccine of this invention. The area of the injection site lesion produced by the taw dose vac- 
cine is significantly smaller, post injection than the lesion produced by the conventional 5.0 mL dose vaccine. The low 
dose multicomponent vaccine produced injection site lesions in an insignificant number of cattle as compared with the 

25 conventional vaccine. 
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DETAILED DESCRIPTION O F THE INVENTION 

In accordance with the invention it has been discovered that in the preparation of multicomponent vaccines such 
as those containing seven clostridial organisms, one can: identify and reduce the required antigenic mass and combine 
it with a compatible adjuvant to produce a low dose, safe and immunogenically effective vaccine. This discovery is the 
basis of the inventive concept described herein. According to this inventive concept, the skilled artisan can combine: 
protective antigen components from the clostridial organisms and non-clostridial organisms, and an adjuvant in a low 
dose volume, and safely administer rt to ruminants to protect them against diseases described more fully hereunder. 

More specifically, the invention relates to a multicomponent vaccine comprising a safe and immunogenically effec- 
tive combination of: an antigen component from one or more clostridial organisms; an antigen component from a non- 
clostridial organism selected from the group consist! ng of a Gram negative organism, a Gram positive organism, a virus, 
a parasite and a rickettsia and an adjuvant, wherein the vaccine is in a dose size of 3.0 mL or less. Non-limrting exam- 
ples of the clostridial organisms and diseases in ruminants are as follows: 

cinstririhim^hauvoei causes the disease blacWeg. This organism, like all Clostridial organisms, produces spores 
that can survive in soil for years and, during this time, can infect susceptible animals (cattle and sheep) which ingest 
them Blackleg is an acute, infectious but noncontagious, disease of cattle and sheep characterized by gaseous tissue 
swelling, usually in the heavy muscles. The organism enters cattle or sheep via feed or cuts or by shearing, docking, or 
castration. The onset of the disease is quite sudden. Body temperature rises rapidly and muscular stiffness, depression 
and reluctance to move are prominent. When infection is extensive, death often occurs within 16-72 hours. Treatment 
of sick animals is futile since there is often permanent damage done to their meat. 

Clostridium septicum causes the disease of malignant edema, or gas gangrene, a rapidly extending edematous 
swelling in subcutaneous tissues of cattle. The disease is characterized by gangrene and gaseous swelling sur- 
rounding a wound. Incidence of the disease often follows castration, dehorning, accidental puncture wounds and 
lacerations, abortions, and vaccination with unclean needles. The incubation period is short and death occurs 
within 12 to 48 hours. Death is primarily caused by toxins released by multiplying organisms after infection occurs. 
As with CI. chauvoei. it is impractical to treat the animals. 

Clostridium novvi causes the condition of black disease or infectious necrotic hepatitis which is an acute infectious 
disease of cattle and sheep. The causative spore-forming organism may enter cattle through the digestive tract, 
lungs or wounds. In areas where liver flukes are endemic, QL ngvyi is especially dangerous because the organism 
will multiply in damaged areas resulting from the migration of liver flukes. The organism multiplies rapidly and pro- 
duces a highly fatal exotoxin causing toxemia and death. Death is usually sudden with no well-defined signs. 
Because of the rapidity of death, treatment is not practical. 
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Clostridium sordellii causes a disease similar to CI. nowi and CI. septicum. The organism is an inhabitant of the 
soil and of the animal intestine. Most infections by the organisms are associated with wounds or liver flukes. 
Lesions at the site of the infection progress rapidly, followed by fever, depression and edema that is similar to that 
produced in CI. novvi infections. A rank odor is detected in diseased tissues. Death is also sudden indicating that 

5 treatment is not practical. 

Clostridium oerfrinoens types B, C, and D are found as spores in the soil but are also parts of the normal intestinal 
flora of healthy animals. Under favorable conditions, such as when animals are being fed high protein diets in feed- 
lots, the organisms multiply rapidly in the intestines. They produce lethal toxins which kill infected animals. CI. per- 
frmaens type B causes sudden death in cattle and lambs. QL perfrinaens type C produces an acute hemorrhagic 

w enteritis in calves, lambs, piglets and older cattle and sheep on high-energy feeds. GL perfrinqens type D causes 
overeating disease in feedlot cattle unaccustomed to high-energy concentration rations. All of the syndromes pro- 
duced by the various types of CI. perfrinaens have rapid onset and result in death before the animals can be effec- 
tively treated. 

Clostridium tetani causes tetanus that can afflict all mammals. The disease results from organisms entering their 
is body via puncture wounds. As the organisms multiply, toxins which affect the central nervous system are produced. 
Infected animals become stiff, have difficulty swallowing and breathing, and are afflicted with spasmodic contrac- 
tions of the musculature. While treatment with antitoxin is viable, it is extremely expensive and cost inefficient. 

As set forth above, the non-clostridial organism can be selected from the group consisting of: a Gram negative 
20 organism, a Gram positive organism, a virus, a parasite and a rickettsia. The following is a non-limiting illustration of the 
Gram negative organisms. 

Haemophilus somnus ( H. somnus) is an organism that causes a complex of disease conditions found mainly in 
feedlot cattle The disease is, also, found in dairy and pasture cattle. This organism can cause a thromboembolic 

25 meningoencephalitis (TEME), a respiratory tract disease, reproductive diseases and a general septicemia. It is a 
non-motile, rod-shaped bacterium which is difficult to isolate and is most likely spread by respiratory secretions and 
discharges. Its incubation period is two to seven days. Infected animals can be treated successfully with antibiotics 
if they are treated early enough in the course of the disease. Unfortunately, once the infection becomes systemic, 
antibiotic effectiveness is decreased. Vaccination is the best method for protecting a herd of cattle from these fcL 

30 somnus -induced diseases. The fact that H. somnus is a Gram-negative organism, and therefore contains endo- 
toxin, renders the formulation of a non-reactive vaccine difficult. 

Moraxella bovis ( M. bovis) is a Gram-negative organism that causes pink-eye in cattle. This disease is often chronic 
in herds of cattle and causes cattle to develop keratoconjunctivitis, with blindness a sequelae, after a period of time. 
Treatment is expensive as it must be continued for long periods of time. M, boWs has the potential to cause anaph- 
35 ylaxis and/or severe local reactions. 

Cam pylobacter fetus is a Gram-negative organism that causes a venereal disease transmitted during breeding. 
Although the disease is often subclinical, it causes temporary infertility, irregular estrous cycles, delayed conception 
and, occasionally, abortion in cows. 

Lentosoira spp. infect and localize in the kidneys and are shed in the urine. Infection with Leptospira sop . can cause 
40 anemia, bloody urine, fever, loss of appetite and prostration in calves. Infection is usually subclinical in adult cattle. 
Infected pregnant cows, however, often abort, and dairy cows may exhibit a marked decrease in milk production. 
There are at least six major serovars in the species L interrogans (L. pompng, L. canicolQ, L. grippotyphosa , List 
erohaemorrhaqiae . L. hardio. and L bratislava), 

PastfiUEfilla haemolvtica and Pasteurella multocida are causative agents of bovine pneumonia in feedlot cattle and 
45 young calves. They are the most significant components of the shipping fever complex and induce clinical pneumo- 
nia in cattle which are predisposed to infections with: infectious bovine rhinotracheitis, parainfluenza type 3 virus, 
bovine respiratory syncytial virus or bovine virus diarrhea virus. 

Infectious bovine rhinotracheitis virus causes a severe respiratory infection of cattle, specifically in feedlot 
conditions. The disease is characterized by: high temperature, excessive nasal discharge, conjunctivitis and ocular 
so discharge, inflamed nasal mucosa, increased rate of respiration, coughing, loss of appetite, depression and/or 
reproductive failure in cattle. Infection with this virus often predisposes cattle to bacterial infections that cause 
death. 

Parainfluenza type 3 virus (Pl 3 ) usually causes a localized upper respiratory tract infection, producing elevated tem- 
peratures and moderate nasal and ocular discharge. Although clinical signs of Pi 3 are typically mild, this infection 
55 weakens the respiratory defenses and allows replication of other pathogens, particularly Pasteurellq spp. 

Bovine virus diarrhea (BVD) is a major cause of abortion, fetal resorption or congenital fetal malformation. H sus- 
ceptible cows are infected with non cytopathic BVD virus during the first trimester of pregnancy, their calves may 
be born persistently infected with the virus. Exposure of those calves to certain virulent cytopathic BVD virus strains 
may precipitate BVD-mucosal disease. Clinical signs of this disease include loss of appetite, ulcerations in the 
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mouth, profuse salivation, elevated temperature, diarrhea, dehydration and lameness. The disease usually affects 

bSZ respiratory syncytial virus (BRSV) infects cattle of all ages and causes: rapid breathing, coughing .la* of 
appetite, discharge from the nose and eyes, fever and swelling in the cervical area. In an acute outbreak, death may 
5 follow 48 hours after the onset of signs. 

The following is a non-limiting illustration of the parasites that are employed herein. 

Nsospora soo. have been recently isolated form aborted fetuses. These organisms are parasites which have been 
p^potSasa major cause of abortion in pregnant cows throughout the world. If this proves to be correct, a vaccine 
for protection of pregnant cattle against Neosoora sod, could be a requirement in the future. 

10 In accordance with the invention, clostridial organisms can be selected from the group consisting <* OfitaumA 
CI septicum. CI. novvi. CI oerfrinoens tvoe C. CI perfrinaens type D. Cisordeyii. and CI. haemolyf cum . Preferably, the 
protective antigen of the clostridial component is derived from six to seven clostridial organisms. 

The non-clostridial protective antigen component can be selected from the group consisting of Gram negate/ > bac- 

, 5 teria. Gram positive bacteria, viruses, parasites, rickettsia and a combination thereof. Non-toting samples 0 (the 
Gram negative organisms can be selected from the group consisting of: tUflmnus. MJattlS, E^fill. ^Imw^Ph- 
i^inm Pafi t»Mrsli a hemolvtica. p a st„i.r«ll a multocida . Campylobacter fetus, Leptospira sop and a comb.nat.on 

thereof. Preferred herein are H. spmnus and M. boviS - 

Non-limiting examples of the Gram positive organisms are Clostridium^™. Bacillus anthrax. Listeria monocy- 

20 toaenes A^tin nmvces pyogenes and a combination thereof. . ... 

^-WtingLmpTofthe virus can be selected from the group consisting of: infectious bov,ne rhin^acheitis 
(IBRV), parainfluenza virus type 3 (PI 3 V), bovine virus diarrhea virus (BVDV) bovine respiratory syncytial virus (BRSV) 

NS-timWnrwli of the parasites are Minora soo. Tritrichimpnes foetus, Cryptosporidia spp. and a combi- 

25 nation thereof. 

A non-limiting example of the rickettsia is Ehrlichia bovis. 

In accordance with the invention, the clostridial and non-clostridial protective antigen components canbe n the 
form of: inactivated or modified live whole cultures, toxoids, cell-free toxoids, purified toxoids, subunrts or comb.nat.ons 

3 o **' Adjuvants useful herein are by definition chemical compounds added to vaccines to enhance the Ruction d j»n 
immune response by the animal receiving the vaccine. Most adjuvants function by: reproducing an irritation , at the site 
of iniedioncausing leukocytes (immune cells) to infiltrate the area, and/or (2) by producing a depot effect - holding the 
aSn£)7*e^ 

and injection-site lesions will occur. Such leukocytes carry the antigens from the vaccine to cells within 

35 tern (of the vaccinated animal) which can produce a protective response. Some newer polymer adjuvants £nrt°n by 
encapsulating antigens and releasing them slowly over a period of weeks or months. These ^newer adjuvants ca . hdp 
in protecting antigens from interference and are generally less likely to cause extensive .nf.ltrat.on of leu tocytes to the 
injLTon site, in accordance with the invention, the adjuvants can be selected from the group «»t^c^' 
water-in-oil AI(OH) 3 . AI 2 (S0 4 ) 3 . AIP0 4 . extracts of bacterial cell walls (Mycobacterium, Prop.onibac1er.um, etc.). 

<o Sac! ^Spla^^r^n^saponina Qui. A), polymers, including block copolymers, liposomes jjnd c— ons 
thereof. Preferred herein are adjuvants that function by encapsulating antigens and releasing them slowly over a period 
of weeks or months Preferably, the adjuvants are polymers, including block ^ vm *VT IlSSS aX 
as polymer adjuvants. A specrfic example of the preferred adjuvant is caibopol. Generally, the more effective the adju- 
Se more irritating J is and the more likoly it is to cause an animal reaction, ft is a feature of the |nvention 

« that effective adjuvants can be formulated with the protective antigens to produce vaccnes that are safe and 

It is also a distinct feature of the invention that a multicomponent vaccine for ruminants would .nclude all the 
reouired protective antigen components and adjuvant, in a low dose. In essence, fewer than five protective antigens 
ZTJ!^L wolw beared to make a vaccine immunogenic^ effects However. ^ ^ 
only the protective antigens would be essentially a very pure vaccine. Because of the h,gh purrty of the anbgen. ut 

so would be difficult adjuvant them with commonly used adjuvants. The pure antigen would requ.re adjuvants that are drf- 
S! f rum the typical adjuvants. Therefore, a commercial scale production of clostridial vaccines conta.n.ng very pure 
protective antigen components would be technically diff icult. At any rate, the preparation of a very pure animal vacane 
on a commercial scale is prohibitive because of the cost of purification. 

in accordance with the invention, individual components of the multicomponent vaccnes described herein can be 

55 formulated with protective antigens derived from: whole culture bacteria, whole culture v^^ 1 '-* 66 ^?*; J* 
f ied toxoids and/or subunrts. Whole cultures contain numerous antigens. Some of the antigens impart P^'on (pro- 
tective antigens), some produce negative response (detrimental antigens) and some are essentially ™u*a (neufr * 
antigens). Subunrts can be obtained from the organisms themselves by conventional methods such as: "rrtrrfugation. 
ultrafiltration and extraction with detergents or oiganic solvents. Alternately, the subunrts can be produced by recom- 
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binant technoloay and expressed in live vectors or other organisms and isolated and purified. It would be understood 
fX^^C Xnents may contain few to many antigens at least one of which is protect or .mmuno- 

genically effective. 

In the preparation of the vaccine of the invention, one can incorporate protective antigen ^"^° m * 
ralitv of oroanSns This occasions the likelihood of one protective antigen component interfering with another. This is 
SuS ^eiJe^tective antigens are derived from Clostridia, organisms. The interference may result from 
m p3-"3 or hiding of an active site of one protective antigen component by 

aaalomeration of one or more protective antigen components so that one or more active srtes are hidden from the 
T(3) chemical interaction wherein there is a change in the active site of one protective antigen compo- 
ZZ££E The latter change can result from a toxic effect, chemica. binding or a conformational change ,n a cnt- 

^ ttmmrtmZS the invention that the effects of the detriments antigens can be avoided by the process of 
the Mention T^e process comprises: using specialized procedures for identifying the Protective antigen component; 
quaSng the protective antigen components; identifying those protective antigen components that contain de men- 
purifying those protective antigen components that contain detrimental antigens to remove aich detnmen- 
ta SSS S that produce the necessary enhancement of the immune response without causing 
ISSe £3* and protect against interference ;indMdua.ly adjuvanting »e ^^^»<^ 
that are sensitive to the effects of detrimental antigens; pooling the various protective antigen components into a low 

varies prSSe antigen components. In effect, the adjuvants interact with targeted protective antigens, and not other 
antiTensTw^ be realized the selection of an adjuvant is critical. The adjuvant must be one that ,s potent enough 
to p!Su« TJSSSS enhancement of the immune response without producing "~?*f^"Z^™ 
tio^s The term "produce significant enhancement of the immune response" refers to stimulation ofthe immune^ syst em 
su h thamotecfon of the host animal results from vaccination. Additionally, the adiuvart must reduce c 
interference with the protective antigens. An adjuvant that encapsulates antigens is preferred. Th.s characteristic .s usu 
Sy^iat^wi* ^iymer- or blcU copolynler-type adjuvants. The preferred adjuvant for this .nvention ,s one con- 

^SKSStt'KS-- of a spewed test method fo r antigen.ua ntitetion 
aen wmoonents Illustratively, the test method for quantitation of a clostridial protective antigen component .nvolves 
fnjecS of antigen and specie antisera. The test method is " 

no oower test" The resultant measurement of antigen is designated as "combining power unit (CPU . The CPU Met 

with the invention, is an integral part of the formulation of combination dostrid-al producte.The 
iScOTorisi adding varying volumes of test material to a series of tubes. The total volume of test material in each 
S^SgW ? ff rS2o Peptone Sodium Chloride Diluent [8.5 gm Sodium Chloride .and 10 igm B-*£F£ 
£L7tU One ha« mAeTof PND containing one Internationa. UnH of a«v *»£ 
oroanism beina tested, plus enough excess antitoxin to neutralize approximately 100 MLD of toxin, is added to eacn 
Z ™ 5KS mixi and 18 to 20 gm mice are inoculated intravenously with 0.5 -Lf^m each tube. The mice 
are observed for 48 hours and death is recorded. The CPU of the test matenal is calculated as follows. 

Rec iprocal of the dilution of the toxoid X 2 

CPU/mL = smanest v0 | U me of the above d ilution which kills 100% of inoculated mice 



45 



SO 



55 



Other test methods that produce substantially the same results as described herein are encompassed by the ^claimed 
Sen £? NTSng samples of other test methods can be EL.SA assays and .iquid chromatography. ^ch quanti- 
se Sens directly In vaccines. In accordance with the foregoing, the skilled artisan can i smpfpy £ >£""™£ 
« hSLrt am antigen quantitation unrt to ascertain the value of the amounts of the antigenic components that 
are useful in making and using the vaccines of the invention. ^i^wtai nmtaetive 

The inventois have unexpectedly found that multicomponent vaccines «M< > a, ^^ST^^i 
antigen components plus at least one non-clostridial protective antigen component and an adjuvant in a low dose vol 
ul can be produced by: identifying the protective antigen component of each organism by uiyjyo. or udBnM 
^^Cotedhi antigen" components during formuiation and manufacture of the vacant J£ 
Station assays described above to provide the protective antigen component in an amount sufficient to produc a pro 
SivS vS S the least antigenic mass; identifying the antigenic components of the organisms which contain 

by using the a^gen quantitation assays and anima. '^^^^^^ 
gen components which contain detrimental antigens to remove such antigens: selecting ^™«"f2T^nTJ«- 
oroanism requiring inactivation such that the organism is killed without denatunng the protective a^. 00 ^" 6 " • 
SZSeach protective antigen component that requires an adjuvant by evaluating the adjuvants abil- 
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itytoenhancetheimmunerespor^ 

reactivity; adjuvanting. individually, the protectve art.gen ^*^3^2£h the^ccine is admin- 
tective antigenic components into a low dose vaccine that .rnpa * p rat erton * a^ma nogenically effective 

istered. By this method, one can produces a rammerc, f^ more clostridial protective 

multicomponent vaccine. The multicomponent vaccine ^^ n "*^ e ^^ an Suvant wrthin a low dose 
antigen components with one or more non-dostndial pratertve '^^SSSS^ of this infection, do not 
volume of 3 0 mL or less. The use of multicomponent vaccines, i.e., commer ciar sea » v» 

gens are not found in proteinaceous material excreted .nto * e ^ re a ^ r ™T e S doe s not interfere with other 
?n fermenters. It has also been found that the AJ^JJ^^ bacterin or a cel. 

protective antigen components in the mul *'<^" e ^ cl ^ (0.05 ■ 1.5%). Bet- 

extract can be used. The who.e cell bacterin or cell extrad , may be nMri wrth thjs ^ent 

apropriolactone (BPL) at 0.05 to °|* 0 ^ prior to adjuvant^ 

must be adjuvanted separately. If BPL or BEI are used tor iwmn i j co-polymers and 

Adjuvants which enhance this protective antigen " n ^«2^^^ , C^ is more P r * erred and 
polymers such as "carbopol". Oil adjuvants can be used as ™*^J*£?^ to approximately 7.0 with. say. 
E added to the inactivated whole culture at a ow P H The ^^^^^c^^ of toOdBMtf » 
sodium hydroxWe(NaOH). This pH adjustment step ' ^^^^^^^.ory of the invention, it is 
become encapsulated in the polymer adjuvant. ^^^^^ ^^^L^e,^^- 

SSE S?LSKOT SS S 252?==! — - immune response by - 

n^Se antigen consent of C^m is ^^^a^^ 
secreted into a supernatant while the organism is £XS=2E£E components in mul- 

the cell and supernatant. Apparently. QUiSmm does not 'r*^^^ 6 ^^"^ whole cell bacterin or 
ticomponent clostridial vaccines containing After inactivation. 

cell extract can be inactivated with formaldehyde (0^5-1 .5%). ^(0^ 05%) or Bfc. ^ J ^ 

thisprotective antigen component must be adjuvanted V^^^^^mSSi can be: AI(OH) 3 . oils, 
be neutralized before adjuvanting. Adjuvants that ^"^^^^^^ed if combined as co-adju- 
saponin. Quil A. block co-polymers and polymers such as cwbopoLi OA adjuvante y C ^* ^ the inacti . 

, va^ with polymers. The SXZoK This pH adjustment 

3 nated animal. believed bv the inventors to be associated with a cell protein, and 

The protective antigen component of QL novvi . is oei eveo ^j™"™" . . d ^ from 0^ the cell 

a toxin that is excreted into a supernatant. ™^£E^^ the fiLnovyi 

and supernatant, in either concentrated or non-concentrated ^^^Sa^neswhen combined with 
does not interfere with other protective antigen components m ^=^^^™^e1r«ctivated with formalde- 

s non«lostridial protective antigen components. The who e cell bacterin JjJJJJJJ^^ or BEI is used, it 
hyde (0.05-1.5%). BPL (0.05-0.3%) or BE. 0 .05-0 .3% J^e ar^n Xnent are AI(OH) 3 . oils, 

must be neutralized before adjuvant,ng. Adjuvants ^f^^JXSsraS be usedif combined as co-adju- 
saponin. Quil A. block co-polymers and polymers such as cartopoL iT^ltfZx* is added to the inactivated 
X with polymer, ^ «£ pH ^ent step 

50 whole culture at a low pH. Then the pH is adjusted u ^l° l " C| nwod bec ome encapsulated in pol- 

increases the pH from approximately 5.0 to 7.0 dunng ^.^^^^^S!ajam «*« over a 
ymer. The resulting vaccine does not cause the typical fa^Sated animal. 

'period of several weeks. The <^ ?Z^ZZ£^?£~* -creted into the 

The protective antigen component of Ql. sordelln is believed x ° °* *^ . d , ^ from supe rnatant. 
55 supernatant as the cufture is growing. Therefore. P'*f*"^ 

This protective antigen component is typically (0 05-1 .5%). BPL (0.05- 

(MW) cartridge before adjuvanting. The QLZXm toxin '^^^^^^^ u6 ed for inactivation. 
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sanonin Quil A block co-polymers and polymers such as carbopol. Oil adjuvants can be used if combined as w-adju- 
STl^TlS SI adjuvant is are preferred. The cartel I polymer ^»^» <££^ 
whole culture at a low pH. Then the pH is adjusted upward to approximately 7.0 with NaOH. This pH M^riv 
mcreases the pH from approximately 5.0 to 7.0 during which the antigens encapsulated in polymer adjuvant. The jwufr 
im TSmSm not cause the typical animal reactivity but releases the CUseSsM antigens over a period of several 
weeks The long-term release causes an enhanced immune response by the vaccinated animal. 

The protective antigen components of QL perfrinqens types C and D are known to be toxoids that are excreted by 
the cSls Because they cross-pSect against rtofringgns type B. these protective antigen component on ly need to 
conSn cell-free supernatant containing inactivated toxin (toxoid). These two components are considered to represent 
o 3 components (B.C. and D). In formulations of a murticomponent clostridial vaccina ^^SSS^bR 
C and D protective antigen components that contain cells or have the cells removed the ef cm (can 
the removal of the cells, the whole culture is harvested from the fermenter and inactivated with toi»Wyk , £5- 
laWBPL (0 05-0 5%) or BEI (0 05-0.5%) and before adjuvanting. The cells can be removed by, say. filtration or cen- 
l^Z^f£e*eZ«*™ antigens must be adjuvanted separately. If BPL or BE. is uMdtor ^Mn 
5 must be neutralized before cell removal. Adjuvants which enhance this protective antigen component are «(OH) 3 . 
irSponin Quil A. bfock co-polymers and polymers such as carbopol. 0« adjuvants can »^"«££Z 
adjuvants with polymers. Preferred here is the polymer adjuvant. The caibopol adjuvant is added to 
whole culture at a low pH. Then the pH is adjusted upward to approx.mately 7.0 with NaOH. Th.s PH advert step 
Tnaeases the pH from approximately 5.0 to 7.0. During this increase the protective antigen components of the 0^ 

'o frinaens become encapsulated in the polymer adjuvant. a w«>»oH a 

^e protective antigen component of 01, h^molyticum is believed to be both cell-associated and excretedasa 

toxinintotoe supernatant. Therefore, this protective antigen component "J^^ £XEZ 
tant Because of its high cell mass, this protective antigen component can cause interference wrth otoerprrtective an* 
aen comments of a multicomponent clostridial vaccine. Typically, this protective antigen is concentrated by say 
. StoafiSon S a 1J.OOO molecular weight cartrklge before adjuvanting. The CUiaemolyticum whde culture can be 
S3^J5^-^(P^5-1-«S. BPL (0.05-0.3%) or BE. (0.05^3%) .before 

concentrated material must be adjuvanted separately. If BPL or BE. are used for JjSSS 
to adjuvanting. Adjuvants which enhance this protective antigen component are AI(OH) 3 . orfs. saponin J MA^tacft _oo 
K^rnvS polymers such as carbopol. Oil adjuvants can be used if combined as co-ad,uvants wrth polymers. Pre- 
so t!EZZ£S!£ £nr adjuvant. The carbopol adjuvant is added to the inactivated whole curture at a ow pKThen 
tne* I JaSusteS upward to approximately 7.0 wrth NaOH. This pH adjustment step increases the pH from approxi- 
mately ?0 1 7 0 Du P rin g the increase, the protective antigen components of the CL^^^^^ 
Ed ta polymer adjuvant. The resulting vaccine does not cause the typical animal reactivity M iM^a 
iLmlyLm antigens over a period of several weeks. The long-term release causes an enhanced immune response 

35 ^ ^n^desoription and the exam^es to follow, rt would be within the purview of the partisan to 
makTand use the low dose, multicomponent vaccines of the invention. In the practice of the invention, the iwltKwmpo- 
rTt low-dcJe vaccines can be administered subcutaneously or intramuscularly to protect animals wrthout causing s.g- 

nificant injection-site lesions. ,. ... .„ 

40 This and other aspects of the invention are further illustrated by the following non-limrting examples. 

EXAMPLES 
EXAMPLE 1A 

45 This example illustrates the embodiment of this invention comprising a combination of protective ^tigencompo- 
nentT^mSst 6 clostrktia. organisms with p^^ 

<uj C h as a Gram-neaative organism. First a multi-component bacterin was formulated wrth a combination of protective 

QL chauvoei . CI. septicum , SLngvyl QLmsm. eLeidMns types C and D; a 

50 prieSve aTgen component from h. somnus and a carbopol adjuvant The H^sams protective antge 'component 
StoriM enough ^prevent animal reactivity but not so much as to make it non-cost effects. Two rotates of hL 
£Z were used in the experiments. One isofate was designated 8025T and the other was <£g^47B£B£h 
£ia?fwas grown separately in 160 L of media containing the following components: f *^J*"'*'^ 
Yeast Extract Proteose Peptone. NaCI. and Na 2 HP0 4 . The growth medium was supplemented £ 

55 10% horse serum. Dissolved oxygen was controlled during the fermentation cycle ^^^^f^^ 
and 20%) Fermenters were inoculated with either 3.5% seed (isolate 14767) or 5% seed (isolate «&T)£*mm 
w^ e inTubated at 37' C with pH control between 7.1 and 7.3 and allowed to grow until optical densities (absorbance 
TSoXZ^mMm 1 20 (5-24 hours) at which time cultures were inactivated with 0.3% formalm. Inacti- 
27 SSSKL with formaldehyde (0.05-1 .5%). BPL (0.05-0.5%) or BEI (0.050.5%) prior to concen- 
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tration and adjuvanting. In the use of BPL and BEI, they were neutralized before being used for inactivation. Carbopol 
was added to the inactivated whole culture at a low pH. Then the pH was adjusted up to 7.0 with NaOH. 

Following inactivation. the whole bacterial cultures were concentrated 10X using a 0.1 micron ultrafiltration car- 
tridge, followed by diafiltration with 11 volumes of Phosphate Buffered Saline (PBS). The washed concentrates were 

5 then centrifuged at 7000 RPM using a Sorvall RC5B refrigerated centrifuge and the pellets were resuspended in 100 
mL of chilled PBS. Centriluged concentrates were adjusted to either 10X or 20X concentration (based on initial whole 
culture volume) and adjuvanted with 10% v/v 10X modified carbopol adjuvant This adjuvant was comprised of: up to 
0.25% Carbopol 934P, Tween 80, Span 20 and Cotton Seed Oil. For further experimentation, a 1X dose of H. somnus 
8025T consisted of either 0.061 ml of adjuvanted H. somnus 8025T 20X concentrate or 0.122 mL of adjuvanted 10X 

w concentrate. Likewise, a dose of H. somnus 1 4767 consisted of either 0.061 mL of adjuvanted 20X concentrate or 0. 1 22 
mL of adjuvanted 10X concentrate. These volumes corresponded to the amount of antigen contained in 1.0 mL of 
1 4767 or 8025T whole culture, each having an optical density of 1 .3 at 540 nm. 

Relative purity of the abovendescribed H. somnus preparations was demonstrated by comparing their endotoxin 
levels after the various purification steps. The preparations were compared to whole culture H somngs. Samples of tL 

75 somnus 8025T and 1 4767 1 0X concentrates were removed at various stages in the purification process and diluted to 
IXwith PBS. 

Endotoxin assays were run on the samples using an automated BioWhitaker apparatus and results were normal- 
ized against an E. coli LPS standard prepared to contain one million endotoxin units per mL. Results are shown in 
TABLE 1 . Results show that the H. somnus cultures can be purified using centrifugation or a combination of ultrafiltra- 
20 tion and diafiltration. The resultant cultures had endotoxin levels that were less than 1 0% of those seen in original inac- 
tivated whole cultures. This level of endotoxin reduction is adequate to eliminate significant animal reactivity and is cost 
effective. 



TABLE 1 



FNnrvmxiN LEVELS OF PURIFIED H. somnus CONCENTRATES 


MATERIAL TESTED 


ENDOTOXIN UNITS/mL (X 1000) 




ISOLATE 14767 


ISOLATE 8025T 


INACTIVATED 1X WHOLE CULTURE 


5266 


8705 


10X CONCENTRATE, DIAFILTERED WITH 11 VOL- 
UMES PBS, RECON. TO 1X 


681 


1332 


10X CONCENTRATE, DIAFILTERED WITH 11 VOL- 
UMES PBS, CENT, RECON. TO 1X 


422 


397 


10X CONCENTRATE, CENT, RECONSTITUTED TO IX 


408 


397 


CENTRIFUGED WHOLE CULTURE, RECON. TO 1X 


431 


256 



EXAMPLE 1B 

45 This example illustrates that immunogenicity is maintained when only the cells were used to produce the protective 
antigen components. After the purification of H. somnus as described in Example 1A, the washed-cell preparations 
thereof were formulated at various antigen concentrations with a plurality of clostridial protective antigen components 
and tested as either a 2.0 mL dose or a 5.0 mL dose (positive control) in a mouse vaccination/challenge test [approved 
by the U.S. Animal Plant Health Inspection Service (APHIS)]. The test was conducted by vaccinating mice with a frac- 

so tional dose of the test product, boostering such mice with the same dose at 1 4 days post vaccination and challenging 
such mice with a virulent H. somnus culture at 10-14 days post booster. The challenge culture was mixed with an equal 
volume of 7% gastric mucin prior to injection. The resulting mixture was strong enough to kill 80% of the control mice 
(1 6 of 20). For a satisfactory test, at least 1 4 of 20 vaccinated mice must survive. The clostridial fractions were produced 
as follows: 

55 Although any commercial CI. chauvoei whole bacterial culture could be used as the protective antigen component, 
for purposes of this experiment the CI. chauvoei was grown under strict anaerobic conditions in large-scale fermenters 
under pH control conditions between 6.5 and 7.6; inactivated with 0.5% formaldehyde and adjuvanted with the modified 
carbopol adjuvant as a separate non-concentrated whole bacterial culture. The modified carbopol adjuvant was the 
same as that described in Example 1 A. The adjuvant was added in a 10% v/v ratio to the Cl» chauvpei whole bacterial 



10 



EP 0 734 731 A2 



culture, mixed to allow complete contact with adjuvant while at a low pH, and then pH adjusted to approximately 7.0 with 

5 or 10N NaOH. , , , „ „ „. 

Although it is expected that any commercial CI. septiqum whole culture bacterial culture oouU be used as We pro- 
tective antigen component, for purposes of this experiment the 

tons in large-scale fei-menters with pH control between 6.5 and 7.6; inactivated with 0.5% formaldehyde, concentrated 
Sally using a 1 0.000 darton MW ultrafiltration system and adjuvanted with the modrtied cartopol adjuvarf ^y add ng 
Z Sent directly to the concentrated whole bacterial culture SL septioum. The modified carbopol adjuvant s the 
lam St described previously. The adjuvant was added in a 10% v/v ratio to the Q^»M^ 
to allow complete contact with adjuvant at the low pH. and then pH adjusted to approximately 7.0 with 5 or 10N NaOK 

cTnovJwas grown under strict anaerobic conditions in large-scale fermenters wrth pH control be4wee .6.5 and 
7 6 hSated with 0.5% formaldehyde and adjuvanted as a non-concentrated whole bactenal culture wrth the modi- 
fied *E£tw as describedpreviously. The adjuvant was added in a 10% v/v ratio to the CLnovja ^ who! > bac- 
elfc£e miS to allow complete contact with adjuvant at low pH. and then pH adjusted to approx-mat^ wrth 
5 or ON NaOH. Combining Power Unit (CPU) was measured, as described above, in toe cu tore posl ,nac*,atio no* 
cost adiuvanting. The CPU of the f inal protective antigen component was adjusted to 1 0 CPU/mL with adjuvanted PBS_ 

aSl was grown under strict anaerobic conditions in large-scale fermenters wrth pH control between 6.5 .and 
7 6 ATtSeT^e growth phase, the culture was maintained at a pH of approximately 8.0 for 8-1 0 hours i to fac.htate 
ceH l^ is The lysed culture was then inactivated wrth 0.5% formaldehyde (lysed toxoid), concentrated us ng a 10.000 
^S^nSSS^c^ and adjuvanted with the modrtied carbopol adjuvant described previously. The adju- 
vant was added in a 10% v/v ratio to the Cl. sordellii lysed toxoid, mixed to allow complete contact wrth adjuvant at the 
^TaSSn pH S^d i approxi=yTo-w?h 5 or 10N NaOH. After «^^^£T WaS 
measu ed and the protective antigen component was adjusted to 1 00 CPU/mL by d.lut.on w.th adjuvanted PBS. 

cSSl^^ types C and D were grown under strict anaerobic conditions in large-scale fermenters with 
oH SSSlS for 4-8 houra. The whole bacterial cultures were inactivated with 0.5% formaldehyde. 
££££££ experiment, cells were removed by centnfugation in a Sorvall centrifuge at 7000 RPM. Th^emain- 
S r s P upe^atanto conned CI. pertring en s C or D toxoid, The toxoids ^^^^^ e ^ 
through a 10.000 dalton MW cartridge and the concentrates were assayed for the.r quantrty of protective antigen com 
oonenVby the previously-described combining power test. After adjustment of the antigen concentrator, ,(CPU) each 
oSele rntigercominent was individual? adjuvanted using the modBied carbopol adjuvant described previously 

Sd£in a 10% v/v ratio to the indhridua. CJ^erfrJng^ toxoWs (C or V> mixed to allow complete 
contact with adjuvant at the low pH. and then pH adjusted to approximately 7.0 with 5 or 10N NaOH^ 

SSSSim was grown under strict anaerobic conditions in large-scale fermenters wrth , pH c^olbe^een 
6.8 SSre was harvested and inactivated wrth 0.5% formaldehyde prior 
MW ultrafiltration cartridge was used to concentrate the whole culture which was then adjusted 
bopol adjuvant described in Example 1A. The adjuvant was added in a 10% v/v ratio to the C I h ^M c "M J *'*^ 
cXSe mixed to allow complete contact with adjuvant at low pH. and then pH adjusted to approximately 7.0 wrth 

5 OT H 0 ^mnus H was prepared according to the description in Example 1 A. The P re ; ad i u ^ 
as aforedescribed. were formulated into one pool as shown in TABLE 2. To th.s pool was added the adjuvanted iUSHL 
nus component and adjuvanted PBS to equal the dose size being tested. H-rrih-rf in 

Experimental serials were made wrth varying amounts of H^omnue washed celh iuv«m» " 
Example 1 A. in combination with 6 or 7 clostridial protective antigen components, in order to MMvM 
potency of this component was adversely affected by the puriffoation process or by the mixture 
LruJ wrth the clostridial components. Serials of product containing 6 dostndial f^T^^^l^ 
H^nTnus or 7 clostridial protective antigen components + \L*Mm were prepared as shown i" Table ^ and I tested 
torootencv of the H somnus protective antigen component according to the mouse test described in Example A Hos 
«£2£ of 5 SSf 2 0 mL were tied. The resurts of these tests are shown in TABLE 3 along wrth a hating of 

dose size tested and the amounts of H. somnus per dose. 

This experiment demonstrates that the protective antigens of B^gmnus are associated with to . ce Is and not wrth 
the supernatant which contains the endotoxins. Additionally, the washed cell suspension did not appearto ^^adve^y 
affected by the 6 clostridial protective antigen components. The H^mnyg protective antigen component was stil 
ootentwhen the washed cells were resuspended to a concentration equal to one-half the concentration of the original 
£3 and mixed wrth 6 dostridia. protective antigen components. ^ en ?^i!TJ^ 
original dostndial protective antigen components it appeared to adversely affect toe 
ponent only slightly - not enough to require a dose size greater than 2.0 mL. Therefore, rt commeroaJlj^ 
pToduce a vaccine with protects antigen components from 7 clostridial organisms in combination wrth a protective 
antigen component from a Gram-negative organism such as H. somngst. 
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TABLE 2 



GENERAL COMPONENT FOR MULATIONS - P RE AD J UVANTED 

DESCRIPTION OF ANTIGEN 



ACTUAL VOLUME OF 
COMPONENT/DOSE 




WC Nonconc. 



WC 7.4X Concentrate 



2.0 CPU Toxoid + WC 
27.0 CPU Toxoid + WC 
7.2X Cone. Toxoid + WC 



WC Nonconc. Purified 
WC Nonconc. Purified 



* WC = Whole Culture 
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TABLE 3 

POTENCY TESTING OF THE PUR.F.ED H^mmS CO MPONENT WHEN COMBINED W.TH CLOSTRIDIAL 
1 - 8w ^ COMPONENTS 







AMOUNT OF H. Somnus KfcH 


POTENCY 


SERIAL 
NUMBER 


TYPE OF PROD- 
UCT 


DOSE SIZE (mL) I 


DOSE* 

LQni ATF 8025T 1 ISOLATE 14767 


TEST RESULT 
(PROTECTED 
MICE/TOTAL 
INFECTED) 


1093-1 


fi-WAY* H.som- 
nus 


5.0 


0.183 j 

1 ,>Ji^ | 


0.183 
1.5X 


20/20 
" 20/20 


1093-2 


H.sonvT 

nus 




0.122 | 

1 AY I 
1 .UA 


0.122 
1.0X 




1093-3 


6-WAY+hL5Q0h 
nus 


i!o f 


O061 j 
u.o 


0.061 
1.0X 


20/20 

ma 


1093-4 


6-WAY+H.som- 
pus I 


jfo 


0.183 \ | 

I .OA 1 


0.183 
1.5X 


20/20 


1093-5 


ft-WAY+H.som- 

cms 


2.0 


0.122 

1 .ox I 


0.122 
1.0X 


20/20 

-A JS** 


1093-6 


6-WAY+ H,SQm: 

I ft ■ M 


2.0 


O061 
0.5X 


0.061 
0.5X 


19/20 


I 1093-7 


1093-5 DILUTED 

1:2 


j i!o 


05X 


cTix 

I 0.061 


19/20 


1093-8 


7-WAY+tLsQQli 

nus 


| i!o 


1 O061 
1.0X 


1.0X 


j 20/20 
1 20/20 


1093-9 


6-WAY+Ksomi 
nus 


1 i!o 


1 0.244 
1.5X 


1 NONE 


1 18/20 


1093-10 


I 6-WAY+tLSQQV 

nus 


1 iU 


T~ NONE 


| 0.244 
1.0X 




1093-11 


H.somnusONLY 


2.0 


0.122 
1.0X 


0.122 
1.0X 


20/20 



7-WAY components = Clchauvog.. Cl.novyi. QUSEllSlim. £L§2K!§!!!1. i * permnqg y H 



r.\ pprfrinoens type C contained 600 CPU per dose 
CI psrjrjpflffls type D contained 350 CPU per dose 

The amount as designated hy X indicates the concentration as relative to the original whole culture. 



EXAMPLE 3 
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taining protective antigen components from 6 clostridial organisms and one protective antigen component from one 
non«lostridial . Clostridial protective antigen components were produced as described in Example ^ B - Senals were for- 
mulated with varying levels of CL perfrinaens type C and D toxoids. CPU levels for type C were adjusted to 600, 900, 
1200 or 1800 per dose whereas CPU levels of type D toxoid were adjusted to 350. 500, 700 or 1000 per dose. 

Six clostridial protective antigen components were combined with two protective antigen components from Ksonv 
nus in various formulations containing differing concentrations of the two CI. perfrinqepg protective antigen compo- 
rts. TABLE 4 illustrates the amounts of each protective antigen component added to the formulations excluding the 
CA. perfrinaens types C and D. 



TABLE 4 



GENERAL PROTECTIVE ANTIGEN COMPONENT FORMULATIONS - PREADJUVANTED 




H. somnus 8025T 



H somnus 14767 



CA. haemolvticum 



MINIMUM AMOUNT OF 
COMPONENT/DOSE 



ACTUAL VOLUME OF 
COMPONENT/DOSE 



DESCRIPTION OF ANTIGEN 



10X Cone. Washed cells 



7.2X Cone. Washed cells 



WC * Whole Culture 



Because CUfidDDflfiDS types C and D were more purSied toxoids .n this expenn^ntal 
tent to determine whether these protective antigen components would be adversely affected by the other dostndial pro- 
tective antigen components or by a non-clostridial protective antigen component such as H somnus . ™ 
experiment involved preparation of a clostridial vaccine combined with H. somnus .n a 2.0 mL dose s.ze and included 
va^ing the amounts of the a nsrfrinaens types C and D Components. CPU levels of types C & D ranged from 600 to 
1 800 CPU per dose for type C and from 350 to 1 000 CPU per dose for type D. TABLE 5 shows the CI , perfrmqens types 
C & D components along with the test results after injection of animals. ^ 

The five multicomponent clostridial vaccines and one vaccine containing a plurality of clostridial protective antigen 
components combined wth KjamQUSwere tested according to procedures required by the US. government Animal 
Plant Health Inspection Service (APHIS). Guinea pigs, rabbits or mice were used for the testing For the clonal com- 
ponents, guinea pigs or rabbits were vaccinated respectively with a dose equivalent to 1/5 or 1/2 the field dose. These 
animals were boostered 10 to 14 days later with the same dose of vaccine. Guinea pigs were changed with live 
organisms of either CUbaiMSfii or CJ hnemolvticum. To correlate with protection in cattle at least 80% of the guinea 
pigs must survive these challenges. Mice were vaccinated, boostered and challenged to demonstrate *at avaocme 
was protective against H. somnus . The challenge was a live culture of H. spmnus which must M at least 80% c*the 
non-vaccinated control mice. An acceptable vaccine must protect 14 of 20 vaccinated mice. Rabbits were ^canated. 
boostered and bled to test for antibody titers against CI. septicum. CI. soidellii . SLnovyL and Ql. perfnnqens types C 
and D. Antibody quantitation was conducted according to prescribed APHIS testing against known standard toxins and 

ant,t S"mal test results [comparing Ql perfrinqeng types C and D. CLnovyi and CL sordini anti-toxin re^onses 
obtained with five multicomponent vaccines containing protective antigen components from 7 clostridial organisms (7- 
way) and one multicomponent vaccine containing protective antigen components from 7 clostridial organisms _anc I one 
Gram-negative organism ffl. somnus) ! indicate that as little as 600 CPU of CL pgrfringeng type C and 350 CPU of CL 
perfrinflfiDS type D are necessary to protect animals in a vaccine containing 7 clostridial protective antigen components. 
TrtSSdincreases in the amounts of these toxoids did not interfere with other protective antigen components of these 
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multicomponent vaccines. When H. somnus was added to the 7 clostridial protective antigen componente J there 
appeared to be a slight depression of response to the CUifidODflfins types C & D. Therefore, the 7°^*^^ 
tedive antigen components would be increased in order to assure host animal protect.cn ,n a ™»^°J** vacone 
caning at least one non-clostridial antigen. TABLE 5 (below) shows that CPU levels of 1200 for Sl^a^* 
C and 700 for & nerfrinoens type D compensate for the affect of H. somnus . Apparently, the amounts of CI sorde"» 
and CI. nowi can be decreased since the amounts thereof appear to be significantly greater than necessary to protect 

animals. 



10 



15 



20 



25 




3X1 094- A 7-WAY 
3X1094-B 7-WAY 
3X1094-C 7-WAY 



3X1094-D 7-WAY 
3YmQA-F 7-WAY + H. somnus 



3X1094-F 7-WAY 



C=1200CPU (pH adj. to 
6.0) D=700CPU 



* Necessary for Host Animal Protection: CI. P erl , C = 10 au; QLDBrL D = 2 au; GLBQM = 0.5 au; CL sonjellii = 1 .0 au 
NT ■ Not Tested 



30 



35 



40 



EXAMPLE 4 

This example shows the incorporation of the protective antigen components from the clostr^ial organi^ and hL 
somnus in a commercial size serial of a vaccine, and the test for potency of the components. A 160 L batoh of *way 
clostridial product containing O^bauyofii. O^fiPticum. Oiiaod. OjardfilliL CL pertr i ngens types c £nd d was ^pre- 
pared in the proportions as listed in TABLE 4 and formulated as in Example 2 with H. somnus isolates f^^ 4 * 7 
at a 1X concentration as described in Example 1A. This serial was tested for potency accord.ng to the ^u^y- 
described APHIS requirements. The results of the tests are shown in TABLE 6. All protectee ^^^^ 
the 6-WAY clostridial plus H. somnus multicomponent vaccine showed potency results which exceed the m.n.mum 
requirements for protection of animals as determined by APHIS. 



45 



50 
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ORGANISM 



Clchauvoei 



CL septicum 



CL novyi 



ANIMAL TEST RESULTS 



TABLE 6 

OF 6-WAY CLOSTRIDIAL + H. gomng$ 




CI. sordellii 



g perfrinqens Type C 



QL pert rinqen? Type D 



H somnus 



TEST ANIMAL TYPE 
OF TEST 

Guinea Pig Chal- 
lenge 

Rabbit Challenge 



Rabbit Serology 



Rabbit Serology 



Rabbit Serology 



Rabbit Serology 



Mouse Challenge 



7/8 guinea pigs must survive 
challenge 

7/8 rabbits must survive 
challenge 

0.5 antitoxin units in the rab- 
bit serum 

1.0 antitoxin units in the rab- 
bit serum 

10.0 antitoxin units in the 
rabbit serum 

2.0 antitoxin units in the rab 
bit serum 

15 of 20 mice must survive 
the challenge 



POTENCY RESULT (live/total) 



8/8 



8/8 



>10.0 au 



25.0 au 



Example 5 

q wen clostridial orotective antigen components were combined with the protective antigen component from J± 
mSS^ Examp»e2 and tested *J™^ 

^fsly) as a 2 0 mL dose. The actual formulation specifications are listed ,n ^^^^^^^^^ ^JJJ^! 

animal tastina are shown in TABLE 8. All the protective antigen components passed the testing. These data demon 
st^ antigen components can be combined «Hh a protective ^ 

some other non-clostridial organism to produce a vaccine which ^ m ™ n0 ^ 
fSSSerence between the animal test results produced by the 6-way plus tUomnys and those produced by the 7 
way plus H. somnus (compare results in TABLES 6 and 8). 



TABLE 7 



FORMULATION OF PROTECTIVE ANTIGEN COMPONENTS OF 7-WAY + Hj&mQUS SERIAL 102994 


ORGANISM 


STRAIN 


LOT NUMBER 


CONC. 


AMOUNT PER 2.0 mL DOSfc 


CI. chauvoei 


5677-2 


264 


NONE 


0.400 mL 


Q\ septicum 


6750-2 


296 


6.6X 


0.121 mL 


CI. nowi 


3047 


165 


NONE 


0.167 mL 




4513 


227 


NONE 


0.090 mL 


Ci hflqmolvticum 


5982 


194 


7.15X 


0.280 mL 




3602 


540 


NONE 


0.400 mL 


Qt, pftrfrinqens type D/B 


455E 


155 


NONE 


0.364 mL 


H. somnus 


8025T 


N/A 


20X 


0.061 mL 


H. somnus 


14767 


N/A ~ 


~20X 


0.061 mL 


Adjuvanted PBS 


N/A 


N/A 


N/A 


0.056 mL 
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TABLE 8 



I amimai TEST RESULTS PRODUCED BY 7-WAY + H. somnus 


ORGANISM 


TEST ANIMAL TYPE OF TEST ' 


REQUIREMENT FOR SAT- 
ISFACTORY POTENCY 


POTENCY RESULT 
/-WAY+ri. somnuo 


CI chauvoei 


Guinea Pig Challenge 


7/8 guinea pigs must survive 

rhalleno© 


8/8 

uve/Totai 


CI septicum 


Rabbit Challenge 


7/8 rabbits must survive 

rhallpnnp 


8/8 

Uve/Total 


CI. nowi 


Rabbit Serology 


0.5 antitoxin units in the rab- 

Kit con im 

UIL del Ul 1 1 


>0.5 

Antitoxin Units 


! CI. sordellii 


Rabbit Serology 


1 .0 antitoxin units in the rab- 

Kit e an tm 
Oil ocl Ul 11 


Antitoxin Units j 


Ql, perfrinqens Tvoe C 


Rabbit Serology 


10.0 antitoxin units in the 
rabbits serum 


>10.0 

An+itrvvin 1 Initc 

Hnuioxin uniio 


CI. perfrinaens Type D 


Rabbit Serology 


2.0 antitoxin units in the rab- 
bit serum 


>2.0 

Antitoxin Units 


01, haemolyticum 


Guinea Pig Challenge 


7/8 guinea pigs must survive 
challenge 


8/8 

Live/Total 


H. somnus 


Mouse Challenge 


14 of 20 mice must survive 
challenge 


16/20 
Live/Total 



EXAMPLE 6 

This example illustrates vaccines wherein viruses are combined with clostridial components. Modified live infec- 
tious bovine rhinotracheitis virus (IBRV) was combined with a plurality of clostridial protective antigen components (GL 

DSI ^oS. C pmt d eS;e antigen components were prepared and formulated according to methods discussed in 
Example 1 B. The IBRV utilized for this experiment was one which had been modified such that .t would a disease rf the 
live virus is injected into animals. Vaccines prepared from such viruses are called modified live vacc.nes H SaK ^^ 
live vaccines contain live viruses as their protective antigen component, the efficacy of such ^ wines | d «P^ t °" * e 
amount of live virus contained within them. It has been determined by cattle vacanat.on/challenge stud.es . that infec- 
tious bovine rhinotracheitis virus when prepared in a lyophilized vaccine protects cattle .f the titer ^ least 
10 4 2 TCID5o/mL. The reference IBRV used for this experiment was grown in roller bottle culture on bovme kidney cells 
after which the IBRV harvest fluids were lyophilized such that the titer post lyophilization was 10 /mL. 

To avoid loss of eff icacy of the vaccine, the multicomponent vaccine containing protective antigen compon ents from 
CI. oerfrinoens types C and D and from IBRV is formulated as a two-container vaccine. One container wrtl contain the 
lyophilized (modified live IBRV protective antigen component and the second container will contain the inadivated, adju- 
vanted liquid «■ psrfrinoens types C and D protective antigen components. In using the vaccine, the W ^^K^ 
gens types C and D prntedive antig~en component is removed from its container with a synnge and .njected into the 
fep"hilized modrtied live IBRV container causing rehydration of the lyophilized IBRV In Oder to detemwie whe her a 
modrfied live virus is negatively affected by the rehydration, one retitrates the combined ™ ft,c ^^f 
there is a detrimental effect (viricidal activity ) of the rehydration of the virus protective antigen co mponent it w.HI be 
apparent within the first 2 hours after rehydration. Therefore, all such modified live vaccines wh.ch are comtaned wrth 
non-modified live components be tested for and pass a virucidal activity test. APHIS defines vmadal activrtyasthe ^oss 
of more than 0 7 logs of virus titer within 2 hours after rehydrating the virus component. Any multicomponent vaccine in 
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which the virus protective antigen component loses more than 0.7 logs of virus titer within 2 hours post rehydration by 
the diluent therefore would be considered to have failed the viricidal activity test. 

Several formulations of the 3-way multicomponent vaccine containing CI. perfrinqens types C and D and IBRV were 
prepared and formulated. An APHIS-required viricidal activity test was conducted on each of these formulations. The 
specifics of the formulation of the combinations and results of the viricidal activity testing are shown in TABLE 9. It is 
apparent that all formulations, even those containing non-purified Cl r perfrinqens types C and D were acceptable show- 
ing no viricidal activity. Therefore, it has been demonstrated that a plurality of clostridial protective antigen components 
can be added to virus protective antigen components without causing a detrimental effect when prepared according to 
the methods described herein. More specifically there were no contrary indications that clostridial protective antigen 
components or adjuvants or combinations thereof are virucidal, or that there was an interference between the clostridial 
protective antigen components and the virus protective antigen components. 



TABLE 9 

FORMULATION AKtn testing OP mMRlNATION CI. perfrinoens types C and D + IBRV 



SERIAL NO. 
TESTED AS A 
20. mL DOSE 


CI. oerfrinaens Type C 


CL oerfrinaens Type C 


IBRV TITER 
POST REHYD. 


IBRV (LOG 1 
CHANGE IN 
TITER) 




Amount of Purif. 


CPU 


Amount of Purif. 


CPU 






12X894-A 


NONPURIF. CELL- 
FREE TOXOID 


600 


NONPURIF. CELL- 
FREE TOXOID 


400 


10" 


+0.5 


12x894-B 


NONPURIF. CELL- 
FREE TOXOID 


1200 


NONPURIF. CELL- 
FREE TOXOID 


700 


To 715 


ao 


12X894-C 


PURIF. CELL- 
FREE TOXOID 


600 


PURIF. CELL- 
FREE TOXOID 


400 


10 715 


ao 


12X894-D 


PURIF. CELL- 
FREE TOXOID 


900 


PURIF CELL- 
FREE TOXOID 


550 


10° 


^ai 


12X894-E 


PURIF. CELL- 
FREE TOXOID 


1200 


PURIF. CELL- 
FREE TOXOID 


700 




43 ! 



NOTE: The reference titer for the IBRV rehydrated with sterile diluent was 10' u . 



The CI. perfrinoens types C and D from the above multicomponent vaccines were also tested for potency in order 
to assure that the virus did not have a detrimental effect on the clostridial protective antigen components. Results of the 
clostridial testing are shown in TABLE 10. It was found that the clostridial protective antigen components were not det- 
rimentally affected by the virus component. Apparently, the purif ication improved the potency of the clostridial protective 
antigen components, as does addition of antigen. This was evidenced by higher CPUs producing higher rabbit antrtoxm 
units. This example shows that clostridial protective antigen components and virus protective antigen components can 
be successfully combined to produce effective multicomponent vaccines. 
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TABLE 10 



POTENCY RESULTS OF THE ClPerfrjngens types C and D FROM THE COMBINATION CLOSTRIDIAL VAC- 

CINE CONTAINING IBRV 


CETDIA! MO 


DESCRIPTION 


CI. oerf. Type 
CCPU 


CI. pert. Tvoe D CPU 


Rabbit Units 


Antitox 










CLeeitypec" 


CI. oerf. tvDe D 


12X894- A 


NON-PURIFIED 

PPI 1 -FRFF TOX- 

UCLL r (ILL I \J/\ 

OID 


600 


400 


20-30 




12X894-B 


NON-PURIFIED 
CELL-FREE TOX- 
OID 


1200 


700 


20-30 


4^5 


12X894-C 


PURIFIED CELL- 
FREE TOXOID 


600 


400 


30-40 


>5 


12X894-D 


PURIFIED CELL- 
FREE TOXOID 


900 


550 


40-60 


si 


12X894-E 


PURIFIED CELL- 
FREE TOXOID 


1200 


700 


30-40 


>6 



FXAMPLE 7 

This example shows that a larger combination of virus protective antigen components and clostridial protective anti- 
gen components could be successfully prepared in a low dose formulation. Several preparations of CI- BgOgfiDJ 
fyTes cTnd D protective antigen components were prepared as described in Example 1 B and combined with modrf-ed 
live IBRV modified live bovine virus diarrhea virus (BVDV), modified live parainfluenza type 3 virus (Pl 3 ) and modified 
live bovine respiratory syncytial virus (BRSV). The four modified live virus protective antigen components were pre- 
parX artSown techniques. As part of the preparation, the detrimenta. effect of the clostridja. protective antigen 
components on any of the modified live virus protective antigen components was determined Therefore *e A PHIS" 
reqTed viricidal activity test was conducted on the various muKicomponent vaccines. Since clostridial vaccines histor- 
ically contain residual formaldehyde as a preservative and since it is known that formaldehyde can have a ^"mental 
effect on modified live viruses, part of this experiment involved adding known amounts of fwrraWehyde to the formula- 
tions to determine maximum allowable amounts of this preservative. TABLE 1 1 lists the formulation . ^nc* s and •» 
results of the viricidal activity testing for the four virus protective antigen componente^ The resute .ndrcate MM I the 
Clostridia, protective antigen conponents are somewhat viricidal especially to IBRV and BVDV R ^*onalfc NJ» con- 
centrations of formaldehyde significantly reduce the titers of these two wus whereas BRSV and PI 3 V are ^ only 
adversely affected by the highest level of formaldehyde. However, it is apparent that such a combination * Jto "dial 
protective antigen components and modified live virus protective antigen components would be commercially v«b£ 
This experiment also demonstrates that purification of the clostridial protective antigen components may not be 
required. 
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Table 1 1 



RESULTS OF THE VIRICIDAL ACTIVIT Y TESTING FOR THE COMBINATION CONTAINING MULTIPLE 



SERIAL 



4X1594-A 



DESCRIPTION 



4x1594-B 



NON-PURIF. CL 
perfrinaens 
types C and D, 
0.1% Form. 

NON-PURIF. £L 
perfrinaens 



IBRV TITER/ 
LOG CHANGE 
IN TITER 

-0.1* 



4X1594-C 



4X1594-D 



4X1594-E 



4X1594-F 



types C and D, 
0.1% Form. 



NON-PURIF. CL 
perfrinaens 



types C and D, 
0.17% Form. 

NON-PURIF. CL 
perfrinaens 



types C and D, 
0.25% Form. 

NON-PURIF. GL 
perfrinaens 



types C and D, 
0.32% Form. 

NON-PURIF. 
CELL-FREE CL 
perfrinaens 
types C and D, 
0.05% Form. 

Reference Virus titers 10 /, J 10 
FORM. = Formaldehyde 



10 69 
-0.8 

10 6 ' 6 
-1.1 

W° 

-1.7 
-0.7* 



10 7 - 3 10 ; 



BVDV TITER/ I 
LOG CHANGE 
IN TITER J 


Pl 3 TITER/LOG T 
CHANGE IN TITER 


BRSV TITER/LOG 
CHANGE IN TITER 

___ -n 


10 66 


10' w 


II 


-0.8 


-0.3* 


-0.0* 


10 69 


10'"* 


•i n5.8 1 


-0.5* 


-0.0* 


-0.1* 


10° 


10 69 ! 


10 


-1.4 


-0.4* 


-0.2* 




j 10° 


10 51 


-1.7 


-0.4* 


-0.2* 


10^ 


10° 




-1.5 


-1.0 


-0.7* 


1 10° 
-0.6* 


+0.2* 


-0.2* 



EXAMPLE 8 

This example illustrates the safety of the vaccines of the invention. In order to "JJ** 
multicomponent vaccines are actually safer for animals and would ncrt ^.^l^S^J^S 
injection site lesions (as routinely noted with the current 5.0 mL dose clostrriial comb.naJon Producte orr £e marked 
several field safetv studies were conducted. The first study involved a comparison of injection sites from cattle injected 
sSa^l^S a 5.0 mL dose. 6-way conventional clostridial product or a 2.0 mLdose 
cine comprising protective antigen components from 6 clostridial organisms (6-way ctostndial vacane) prepared 

accordina to the methods described herein. -amk*** Hneo a. 

T»o sources of yearling cattle were randomly allocated to treatment groups of 54 head -^^"^J"* 
way Clostridia, vaccine (formulated as in Example 2) was gh/en subcutaneously to one group and ^Ldose, 6^ay 
vaccines formulated via conventional methods but containing the modified carbopol fttZZXEZ*!^ 
taneously to the other group. The cattle were commingled throughout the trial. Evaluations of the ' n J^ or ^ "* re 
maS i davs 7 21 49 and 95 days post injection. Results are shown in Figures 1 and 2. On day 7. all animals had a 
£££ Son «e rCse in^ groips. The animals receiving the 2.0 mL 

significantly smaller lesions than the animals receiving the 5.0 mL dose conventional product (p=<0.0001). This drffer 
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ence continued on days 21. 49 and 95. At slaughter (95 days) there were significantly fewer ^2S^S oZ 
vaccinates with lesions (3.5%) as compared to the 5.0 mL dose vaccinates with lesions (30%). Additionally, the 2.0 mL 
dose vaccinates had consistently smaller lesions at the injection sites. 

in the second field safety study, calves with a known injection history were used to evaluate the inaderwe iand klura- 
5 ton of injection site lesions in carcasses from animals injected intramuscularly, ^eswere ****** «™ 
inn aae Fortv-two steer calves and 42 heifer calves, of known h.story. located at Colorado State University were 
seleS for meTudy Tnese calves had receded no injections prior to the beginning of the trial and were irciMdual* 
d S us ng plasto ear tags and assigned randomly to a product treatment group. A 5.0 mL dose ^""j 
way clostSial I rxoduct or a 2 0 mL dose 6-way clostridial multicomponent vaccine prepared by the methods of this 

, 0 ZriSmL administered in the semimembranosus muscle (insWe round steak location) at branding J using an 8 
gauge 1 -inch needle. Animals were vaccinated wrth the same vaccines at weaning. However, injections were £rm- 
Z2 in the biceps femoris (top and gluteus medium muscles (top sirtain butt ^Jf^^ggZ 
die Calves werTmanaged from birth to slaughter. Following weaning, animals were fed a typical finishing d et. Cakes 
w« . D«Sed approximately 1 .5 months of age, weaned at 6.5 months of age and slaughtered at 14 months of age. 

,s ZSuttTa ^^hVcattte graded choice or better. Upon completion of the finishing phase, steers were slaugh- 

or^aTcS were collected. From a total of 84 head, 160 inside rounds and 159 top sirloin butts were coHeded I after 
EghterarTSSation at the pacfcng plant. Cuts were subjected to evaluation dissect ^T^^ 
observation for the presence of injection-site lesions. Results showing the incidence ^^^J"^ ° f 
so lesions by score and the quantity of trim required to remove the lesions are presented in TABLES 1 2, 1 3 and 1 4. 
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II INCIDENCE OF INJECTION-SITE LESIONS AFTER INJECTING 5.0 mL DOSE I 

OR 2.0 mL DOSE 6-WAY CLOSTRIDIAL VACCINES 


6-WAY VACCINE DOSE 


INCIDENCE OF LESIONS 






NUMBER 


BRANDING 


NUMBER 


WEANING 


5.0 mL 


38 OF 41 


92.7% 


31 OF 39 


79.5% 


2.0 mL 


29 OF 40 


72.5% 


19 OF 41 


46.3% 



35 



40 



45 



50 



TABLE 13 



LESION CLASSIFICATION BY INJECTION TIME AND VACCINE INJECTED 



55 



VACC =* VACCINATION 



TYPE OF LESION 


5.0 mL 6-WAY 


Dose Clostridial 


2.0 mL 6-WAY 


Dose Clostridial 




VACC. AT 
BRANDING 


VACC. AT WEANING 


VACC. AT BRANDING 


VACC. AT WEANING 


CALLOUSED 
LESION 


33 _ 


27 


22 


19 


I CLEAR LESION 


5 


4 


7 


o I 


MINERALIZED 
I LESION 


0 


0 


0 


0 


LESION WITH 
NODULES 


0 


0 


0 


0 


LESIONS WITH 
FLUID 


0 


0 




' 0 
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TABLE 14 



II QUANTITY OF TRIM (IN GRAMS) TO REMOVE INJECTION SITE LESIONS AFTER INJECTING 5.0 mL 
DOSE OR 2.0 mL DOSE 6-WAY CLOSTRIDIAL VACCINES INTRAMUSCULARLY INTO CALVES AT 

BRANDING OR WEANING 


6-WAY VACCINE 




QUANTITY OF TRIM TO REMOVE LESION 


DOSE 












NUMBER OF 
CALVES 


LESIONS WHEN 
VACC. AT BRANDING 


NUMBER 
OF CALVES 


LESIONS WHEN 
VACC. AT WEANING 


5.0 mL Conventional 


38 


iao 


31 




2.0 mL 


29 


48.8 


19 


30.3 



These results indicate that a 2.0 mL dose 6-way multicomponent clostridial vaccine of the invention was less reac- 
tive in calves than a 5.0 mL dose conventional technology 6-way clostridial product. The incidence of lesion^ was sig- 
nificantly lower (p = <0.05) for the 2.0 mL group than for the 5.0 mL group when administration occurred at bom 
branding and weaning times. The blemishes resulting from use of the 5.0 mL clostridial also necessitated more trim (p 
= <0 05) to remove the lesions than was the case for those in the 2.0 mL group. 

In the final field safety trial, a 2.0 mL dose vaccine containing 6 clostridial protective antigen components combined 
with protective antigen components from H. somnus was prepared according to the methods described in Example 2 
and administered to 1 .528 calves by six veterinarians in five states. The field trial was conducted from November 1994 
through January 1995. Vaccine was administered by the normal routes of administration for the herd and includedbotn 
intramuscular and subcutaneous routes. Veterinarians were requested to observe the calves for injection site reactions 
and/or lesions. At the end of the trial, no significant unfavorable local or systemic reactions were noted by any of the 

participating veterinarians. , .. . _ 

As a result of these field safety studies, especially the final study which involved a true field evaluation of a com- 
mercial-size production serial, it has been demonstrated that a multicomponent vaccine containing protective antigen 
components from at least 6 clostridial organisms, protective antigen components from at least one non<lostr.dial 
organism such as a Gram-negative bacteria like H. somnus and an adjuvant such as carbopol, can be produced com- 
mercially in a dose volume less than 3.0 mL and safely injected to protect animal under field conditions. 

Although the invention has been described in detail in the foregoing for the purpose of illustration, rt is to be under- 
stood that such detail is solely for that purpose and that variations can be made therein by those skilled in the art without 
departing from the spirit and scope of the invention except as it may be limited by the claims. 

Claims 

1 A multicomponent vaccine for ruminants comprising a safe and immunogenically effective combination of a protec- 
tive antigen component from a clostridial organism, a protective antigen component from a non-clostndial organism 
and an adjuvant, wherein the vaccine is in a low dose volume. 

2 A multicomponent vaccine comprising a safe and immunogenically effective combination of protective antigen com- 
ponents from clostridial organisms, a protective antigen component from a non-clostridial organism and an adju- 
vant, wherein the vaccine is in a low dose volume. 

3 The vaccine accorciing to Claim 1 wherein the clostridial organism is selected from the group consisting of Cl-Chau- 
vosi. CI. seoticum. CI. nowi. CI perfrinoens type C. CJjzsdtingjns type D. CJ^sgSieB C! hafimolvtlfflm and £L 
tetani . 

4. The vaccine according to Claim 1 wherein said non-clostridial organism is selected from the group consisting of a 
Gram negative bacteria, a Gram positive bacteria, a virus, a parasite and a rickettsia. 

5 The vaccine according to Claim 4 wherein the Gram negative organism is selected from the group consisting of H, 
somnus. M. bovis. P. haemolvtica. P. muKocida, EJ20l, S- tvphimgrium, Leptospira spp. and QJs&iS, 

6. The vaccine according to Claim 5 wherein the Gram negative organism is H. somnus - 
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7. The vaccine according to Claim 5 wherein the Gram negative organism is M. bovis . 

8. The vaccine according to Claim 4 wherein the virus is selected from the group consisting of infections bovine rhi- 
notracheitis virus, bovine virus diarrhea virus, parainfluenza type 3 virus, bovine respiratory syncytial virus and a 

5 combination thereof. 

9. The vaccine according to Claim 4 wherein the parasite is selected from the group consisting of Neospor^ spp : , lb 
trichimonas foetus and Cryptosporidium bovis . 

io 10. The clostridial vaccine according to Claim 1 wherein the protective antigen component of the clostridial or non- 
clostridial organism is derived from a member selected from the group consisting of a whole bacterial culture, a 
whole virus culture, a cell-free toxoid, a purified toxoid and a subunit. 

1 1 . The vaccine according to Claim 1 wherein the adjuvant is selected from the group consisting of a polymer, a block 
75 co-polymer, an oil-in-water, a water-in-oil, AI(OH) 3 . AIP0 4 , an extract of a bacterial cell wall, an extract of a plant, a 

liposome, Quil A and a combination thereof. 

12. The vaccine according to Claim 1 wherein the adjuvant is a polymer or a block co-polymer. 
20 13. The vaccine according to Claim 12 wherein the polymer is a modified carbopol. 

14. The vaccine according to Claim 1 wherein the protective antigen component is derived from 6 clostridial organisms. 

1 5. The vaccine according to Claim 1 4 wherein the 6 clostridial organisms are selected from the group consisting of £L 
25 chauvoei . CI. septicum. CI. nowi . CI. oerfrinaens type C. CI. perfrinaens type D. Ql. hgemolyticum and Ql. sordellii. 

■ 

1 6. The vaccine according to Claim 1 wherein the protective antigen component of the clostridial organism is derived 
from 7 clostridial organisms. 

30 1 7. The vaccine according to Claim 1 6 wherein the 7 clostridial organisms are selected from the group consisting of CL 
chauvoei. CI. septicum. CI novvi. CI. perfrinaens type C. CI. perfrinaens type D, Ql sordellii, CL haqmolytipum, and 
CL tetani. 

18. A multicomponent vaccine for ruminants comprising a safe and immunogenically effective combination of a protec- 
ts tive antigen component from 6 clostridial organisms which are CI. chauvoei . CL septicum. CI novyi, CI, perfringens 

type C, CI. perfrinaens . type D, and CI. sordellii : a protective antigen component from a non-clostridial organism 
which is H. somnus and an adjuvant, wherein the vaccine is in a low dose volume. 

19. A multicomponent vaccine for ruminants comprising a safe and immunogenically effective combination of an anti- 
40 gen component from 7 clostridial organisms which are CI. chauvoei . CL septicum. CI novyi, CL perfringens type C, 

CI. perfrinaens. type D, and CI. sordellii : a protective antigen component from a non-clostridial organism which is 
H. somnus and an adjuvant, wherein the vaccine is in a low dose volume. 

20. A multicomponent vaccine for ruminants comprising a safe and immunogenically effective combination of a protec- 
ts tive antigen component from 6 clostridial organisms which are CI. chauvoei . CI. septicum. Ql novyi, CI. perfringens 

type C, CL perfringens . type D, and CI. sordellii : a protective antigen component from a non-clostridial organism 
which is M. bovis and an adjuvant, wherein the vaccine is in a dose size of 3.0 mL or less. 

21 . A multicomponent vaccine for ruminants comprising a safe and immunogenically effective combination of a proteo- 
se tive antigen conponent from 7 clostridial organisms which are CL chauvoei . CI. septicum. CI novyi. CI- perfringens 

type C, CI. perfrinaens . type D, and CL sordellii : a protective antigen component from a non-clostridial organism 
which is Mi bovis and an adjuvant, wherein the vaccine is in a dose size of 3.0 mL or less. 

22. A multicomponent vaccine for ruminants comprising a safe and immunogenically effective combination of protec- 
55 tive antigen components from a clostridial organism; a protective antigen component from a virus and an adjuvant, 

wherein the vaccine is in a dose size of 3.0 mL or less. 
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23. A multicomponent vaccine for ruminants comprising a safe and immunogenically effective combination of protec- 
tive antigen components from a plurality of clostridial organisms, a protective antigen component from a plurality of 
viruses and an adjuvant, wherein the vaccine is in a dose size of 3.0 mL or less. 

24 The vaccine according to Claim 23 wherein the clostridial organism is selected from the group consisting of CL 
chauvoei . CI. seoticum. Ongvyi. CLperfringens type C, CI. perfringens, type D. CI. sordellii , CI. haemqlvtiQum , and 
CI. tetani . 

25. The vaccine according to Claim 23 wherein the viruses are selected from the group consisting of infectious bovine 
rhinotracheitis, parainfluenza type 3 virus, bovine virus diarrhea virus and bovine respiratory syncytial virus. 

26. The vaccine according to Claim 23 wherein the adjuvant is selected from the group consisting of a polymer, a block 
co-polymer, an oil-in-water, a water-in-oil, an extract of a plant and a combination thereof. 

27 The vaccine according to Claim 2 wherein the clostridial organisms are selected from the group consisting of CL 
chauvoei. CI. seplicum . CI nowi . CA perfringens type C, CI, perfringens, type D. CI, SprdeHH, CI haemolYtlCHm . and 
CI. tetani. 

28. The vaccine according to Claim 2 wherein the non-clostridial organism is selected from the group consisting of a 
Gram negative bacteria, a Gram positive bacteria, a virus, a parasite and a rickettsia. 

29. The vaccine according to Claim 28 wherein said Gram negative organism is selected from the group consisting of 
H. somnus. M. bovis. P haemolvtica . P. multocida. E, CQli, $■ typhimgrjum, Leptospira SPP, and CJOglUS- 

30. The vaccine according to Claim 28 wherein the virus is selected from the group consisting of infectious bovine rhi- 
notracheitis, parainfluenza type 3 virus, bovine virus diarrhea virus and bovine respiratory syncytial virus. 

31. The vaccine according to Claim 28 wherein the parasite is selected from the group consisting of Neospora Spp .. 
Tritrichimonas foetus and Cryptosporidia sop.. 

32. The vaccine of Claim 2 wherein the protective antigen is derived from a member selected from the group consisting 
of whole bacterial culture, a whole virus culture, a cell-free toxoid, a purified toxoid and a subunit. 

33. The vaccine according to Claim 28 wherein the adjuvant is selected from the group consisting of a polymer, a block 
polymer, an oil-in-water, a water-in-oil. an extract of a plant, a liposome and a combination thereof. 

34. The vaccine according to Claim 2 wherein the adjuvant is carbopol. 

35. The vaccine according to Claim 2 wherein the protective antigen component of the clostridial organisms are 
derived from 6 clostridial organisms. 

36 The vaccine according to Claim 2 wherein the 6 clostridial organisms are selected from the group consisting of CL 
chauvoei . CI. seoticum . nnnvyi. CI. oerfrinaens type C, CI. perfringens type D. CL sprcfcllii and CI haemolyticum . 

37. The vaccine according to Claim 2 wherein the protective antigen components of the clostridial organisms are 
derived form 7 clostridial organisms. 

38 The vaccine according to Claim 37 wherein the 7 clostridial organisms are selected from the group consisting of CL 
chauvoei. CI. seoticum. CI nowi. CI. oerfrinaens type C. CI. perfringens type D, P». SQrdellii , CI. haemolyticum and 

CI. tetani. 

39. A multicomponent vaccine comprising a safe and immunogenically effective combination of an a protective antigen 
component from 6 clostridial organisms which are CI. chauvoei . CI. septicum. CI novyi, CI. perfringen s type C, CL 
perfringens type D and CI. sordellii: a protective antigen component from H. somnus or M. bovis and an adjuvant, 
wherein the vaccine is in a dose size of 3.0 mL or less. 

40. A multicomponent vaccine comprising a safe and immunogenically effective combination of a protective antigen 
component from 7 clostridial organisms which are CI. chauvoei. CI, septicum, CI novyi, CI . perfringens type C, CL 
perfringens type D, CL sordellii and CL haemolvticum : a protective antigen component from H, SPmnus or M.foMS 
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and an adjuvant, wherein the vaccine is in a dose size of 3.0 mL or less. 

41. A multicomponent vaccine comprising a safe and immunogenically effective combination of a protective antigen 
component from 2 clostridial organisms which are selected from the group consisting of CI, Chaiwei. CI. septiwm, 
5 CI nowi. CI. oerfrinaens type C. CI. perfrinaens type D, CI. sordellii. CL haemolyticum and QL tefrni; a protective 

antigen component from viruses which are selected from the group consisting of infectious bovine rhinotracheitis 
virus, parainfluenza type 3 virus, bovine virus diarrhea virus and bovine respiratory syncytial virus and an adjuvant, 
wherein the vaccine is in a dose size of 3.0 mL or less. 

w 42. A multicomponent vaccine comprising a safe and immunogenically effective combination of a protective antigen 
component from 6 clostridial organisms which are CL chauvoei . CL septicum, CI PQvyi. CI, perfringens type C, CL 
perfrinaens type D and CI. sordellii ; a protective antigen component from 4 viruses which are infectious bovine rhi- 
notracheitis virus, parainfluenza type 3 virus, bovine virus diarrhea virus and bovine respiratory syncytial virus and 
an adjuvant, wherein the vaccine is in a dose size of 3.0 mL or less. 

is 

43. A method of preparing a multicomponent vaccine comprising a safe and immunogenically effective combination of 
a protective antigen component from clostridial organisms and a protective antigen component from a non-clostrid- 
ial organism, and ad adjuvant, wherein the vaccine is in a dose size of 3.0 mL or less, said method comprising the 
steps of: 

20 

i) identifying the protective antigen component of each of the organisms by in vivo or in vitro methods, 

ii) quantitating the protective antigen components using antigen quantitation assays to provide the protective 
antigen component in an amount sufficient to provide a protective vaccine with the least antigenic mass 

iii) identifying components of the organisms containing detrimental antigens by using the antigen quantitation 
25 assays and animal reaction testing, 

iv) purifying the protective antigen components which contain detrimental antigens to remove the detrimental 

antigens, 

v) selecting for each organism requiring inactivation, an effective inactivating agent which kills the organism 
without denaturing the protective antigen component, 

30 vi) selecting an effective adjuvant for each antigen component which enhances immune response without 

causing unacceptable animal reaction. 

vii) individually adjuvanting the protective antigen components which requires such individual adjuvanting, and 

viii) pooling all protective antigen components into a serial. 

35 44. A method of administering the vaccine of Claim 1 to a ruminant comprising intramuscularly or subcutaneously vac- 
cinating the ruminant. 

45. A method of administering the vaccine of Claim 2 to a ruminant comprising intramuscularly or subcutaneously vac- 
cinating the ruminant. 
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